Objectives The aim of this study is to understand how early cigarette use might predict subsequent illicit drug use, especially among individuals with attention-deficit hyperactivity disorder (ADHD) symptoms during childhood. Methods Data were drawn from the National Longitudinal Study of Adolescent Health (Waves I-IV). The analysis sample involves participants who had not used illicit drugs at Wave I, with no missing responses for studied predictors (N ¼ 7,332). Results Smoking status at Wave I (ever regular vs. never regular) and childhood ADHD symptoms predicted subsequent illicit drug use at Waves II to IV. No interaction effect of smoking status at Wave I and childhood ADHD symptoms was found. However, an indirect effect from childhood ADHD symptoms on illicit drug use was identified, through smoking status at Wave I. Similar results were observed for predicting illicit drug dependence. Conclusions The findings support the notion that smoking status during early adolescence may mediate the association between childhood ADHD symptoms and risk of later adult drug use. Interventions to prevent smoking among adolescents may be particularly effective at decreasing subsequent drug use, especially among children with ADHD symptoms.
Introduction
Attention-deficit hyperactivity disorder (ADHD) is one of the most common neurodevelopmental disorders in children and often persists into adulthood (Kessler et al., 2005; Visser et al., 2014; Visser, Lesesne, & Perou, 2007) . Independent of a clinical diagnosis, ADHD symptoms are associated with a number of health problems including smoking and drug use during the transition into adulthood (Charach, Yeung, Climans, & Lillie, 2011; Fuemmeler, Kollins, & McClernon, 2007; Lee, Humphreys, Flory, Liu, & Glass, 2011; Molina et al., 2013; Molina & Pelham, 2014; Sundquist, Ohlsson, Sundquist, & Kendler, 2015; Szobot et al., 2007) . However, the factors underlying risk for increased drug use among individuals with ADHD symptoms are not fully understood (Molina & Pelham, 2014) . Clarity regarding salient risk factors among this population could advance our understanding of the etiology of drug use, as well as inform prevention strategies.
One of the strongest predictors of persistent and continued drug use during adolescence and young adulthood is earlier initiation of "milder" legal drugs (Kandel & Kandel, 2015) . For instance, cigarette use during early adolescence often precedes subsequent illicit drug use during late adolescence (Palmer et al., 2009) . This progression of substance use is usually referred to as a gateway sequence/hypothesis (Hanna, Yi, Dufour, & Whitmore, 2001; Kandel & Kandel, 2015; Kandel, Yamaguchi, & Klein, 2006; Mayet, Legleye, Chau, & Falissard, 2011; Merrill, Kleber, Shwartz, Liu, & Lewis, 1999; Palmer et al., 2009 ). The gateway sequence could explain the pathway for illicit drug use among individuals with ADHD, given their propensity to initiate cigarette smoking at an earlier age (Biederman et al., 2006; Lambert, 2005) .
Two studies have specifically examined the relationship among ADHD symptoms, cigarette smoking, and illicit drug use. In one study, the likelihood of illicit drug use was increased among ADHD youth who smoked compared with their counterpart who did not smoke (Biederman et al., 2006) . In other words, cigarette smoking seemed to strengthen (or moderate) the association between childhood ADHD symptoms and subsequent illicit drug use. Alternatively, Lambert (2005) showed that children with ADHD symptoms were more likely to report illicit drug dependence as adults; however, the association was null after adjusting for early adolescent cigarette use. Accordingly, these findings from Lambert's study suggests that risk for illicit drug use among those with ADHD symptoms may be mediated by cigarette smoking during early adolescence.
Although both studies support the importance of ADHD symptoms and early cigarette smoking as predictors of subsequent illicit drug use, it is not clear how these factors operate to confer risk. As such, we propose a few possible scenarios. First, based on a vast literature of individual vulnerability as well as the gateway hypothesis in the field of substance use, ADHD symptoms and cigarette smoking could be independent risk factors for illicit drug use. Second, according to Biederman et al. (2006) , cigarette smoking could moderate the relationships between ADHD symptoms and future illicit drug use. That is, cigarette smoking influences the strength of the relationship between ADHD symptoms and future illicit drug use. Third, based on Lambert's study (2005) , cigarette smoking could mediate, or explain, the relationship between ADHD symptoms and future illicit drug use.
The results of these associations have different implications for prevention (or intervention) efforts. If ADHD symptoms and cigarette smoking are independent risk factors, then the risk factor that is more strongly associated with subsequent illicit drug use should be the target of prevention efforts. If ADHD symptoms and cigarette smoking are interacting risk factors (e.g., moderation exists), whereby the risk for illicit drug use is highest among those who both have ADHD symptoms and initiate cigarette smoking early in adolescence, then prevention efforts should focus on youth with ADHD symptoms who also initiate smoking at an early age. If cigarette smoking mediates the relationship between ADHD symptoms and illicit drug use, then early education of adolescents with ADHD symptoms on strategies to stay away from using cigarettes to self-medicate should reduce the prevalence of future illicit drug use in the population. Thus, determining how these three factors (ADHD symptoms, early cigarette use, and subsequent illicit drug use) are related would be helpful in identifying the target populations for specific prevention strategies, in addition to broad ones (e.g., prevent underage cigarette/substance use).
Using data from a large longitudinal cohort, the purpose of this study was to evaluate the manner in which childhood ADHD symptoms and early cigarette smoking potentially relate to subsequent illicit drug use. Specifically, in a series of statistical models, we tested (1) if ADHD symptoms and smoking were independently associated with subsequent illicit drug use ( Figure 1A) ; (2) if smoking moderated the association between ADHD symptoms and illicit drug use ( Figure  1B) ; or (3) if there was an indirect effect of cigarette smoking in the relationship between ADHD symptoms and illicit drug use, suggesting a potential mediating effect ( Figure 1C ). We hypothesized that greater ADHD symptoms are associated with a higher likelihood of early cigarette smoking, which is further related to a higher probability of illicit drug use and drug dependence during adulthood.
Methods

Study Sample
The study population was drawn from 20,774 adolescents in the National Longitudinal Study of Adolescent Health (Add Health), a nationally representative longitudinal cohort. Add health recruited their participants from 80 high schools and 52 middle schools in the United States. These schools were selected based on systematic sampling methods to ensure the sample is representative of U.S. schools with respect to region, urbanity, school size, school type, and ethnicity. Respondents completed in-home surveys in 1995, as well as up to three additional in-home surveys (1996, (2001) (2002) (2008) (2009) . Detailed study design and data collection have been described elsewhere (Harris et al., 2009; Resnick et al., 1997) . In this current study, we excluded participants from the analysis who either indicated that they had used (n ¼1,056) or were missing data on illicit drug use at Wave I (n ¼ 55) and who had missing data on one or more of the independent variables in the model. A number of independent variables had some missing data: ethnicity (n ¼3), parental education (n ¼ 955), ADHD symptoms (n ¼7), early history of regular smoking (n ¼18). Participants with missing data on one or more of these variables (listwise cases ¼ 978) were excluded from the analysis. Accordingly, the final analysis sample involved 7,332 participants.
Measures
Childhood ADHD Symptoms At Wave III, participants were asked to report on DSM-IV ADHD symptoms they experienced between the ages of 5 and 12 years. Each response to DSM-IV ADHD symptom questions were collected on a fourpoint scale: 1 ¼ never or rarely, 2¼ sometimes, 3 ¼ often, or 4 ¼ very often. One DSM-IV hyperactiveimpulsive ADHD symptom, "Often interrupts or intrudes on others," was not part of the survey, and could not be included in the analyses, resulting in responses to nine inattentive (IN) and eight hyperactive (HI) symptoms. Consistent with scoring convention, a symptom was considered present if it was experienced "often" or "very often" (Fuemmeler et al., 2007; Murphy & Barkley, 1996) .
The Kuder-Richardson Formula 20 (KR-20) was used as a measure of internal consistency reliability for measures with dichotomous responses (e.g., presence/ absence of hyperactive-impulsiveness and inattention). Reliability coefficients for the hyperactive-impulsive symptoms and IN symptoms in this study were 0.75 and 0.80, respectively, indicating an adequate internal consistency for each set of symptoms. Moreover, we have previously shown that ADHD symptoms measured in this sample have good concurrent validity. That is, individuals reporting high levels of ADHD symptoms (six or more HI or IN symptoms) were more likely to have a learning disability or behavioral problems at Wave I and were more likely to indicate having taken medication for ADHD at Wave III (Kollins, McClernon, & Fuemmeler, 2005) .
Cigarette Smoking
A computer-assisted survey instrument was used to reduce response bias and collect data during home visits, regarding self-reported use of various nicotine and nonnicotine substances. Specifically, participants were asked to indicate if they had ever (yes/no) smoked regularly (i.e., ever having smoked at least one cigarette every day for 30 days currently or in the past). Individuals who indicated having smoked regularly at some point during their lifetime herein are referred to as "ever-regular smokers." All other individuals were classified as "never-regular smokers." The neverregular smokers comprised individuals who had never tried smoking, had only taken one or two puffs, who had taken puffs but never smoked an entire cigarette, or who had smoked an entire cigarette but never smoked regularly. This classification was chosen because the primary aim of the present study was to evaluate whether participants with heavier smoking patterns during adolescence predict later drug use in adulthood. Accordingly, smoking status collected at Wave I (ever regular vs. never regular) was included as a predictor of subsequent illicit drug use during Waves II-IV.
Illicit Drug Use and Dependence
For each wave, illicit drug use was assessed by asking participants if they had ever used illicit drugs, including cocaine, inhalants (e.g., glue or solvents), crystal meth (ice), LSD (Lysergic acid diethylamide), PCP (phencyclidine), ecstasy, heroin, mushrooms, speed, or pills, without a doctor's prescription. A positive response to any of the above eight items defined the participant as having used illicit drugs. During the Wave IV interview, participants were further asked to report drug dependence symptoms. Three or more positive DSM-IV drug dependence symptoms (e.g., tolerance, withdrawal, spent a lot of time using) in the past 12 months were defined as "dependent." Although participants were queried on marijuana use, this was excluded from our analysis for two reasons: it was not uniformly assessed across waves, and the legal implications of marijuana use varies by state.
Other Variables
Participants were asked about level of engagement in 13 conduct problem behaviors (e.g., property damage, lying to guardians, fighting) at Wave I. Each of the items was dichotomized into 0 (never) and 1 (one or more incidents) and then summed. The scale exhibits adequate reliability (KR-20 ¼ 0.69) and has been used in previously published studies with this sample to control for the effects of conduct problems (Kollins et al., 2005; McClernon, Fuemmeler, Kollins, Kail, & Ashley-Koch, 2008) . Gender, age, race/ethnicity (White, Hispanic, African American, other), and parental education (less than high school, high school or equivalent, some college, and college degree or beyond) at Wave I were included in analytic models as control variables.
Statistical Analyses
Using latent class modeling, we classified individuals based on their level of self-reported HI and IN symptoms. This resulted in two subgroups representing an affected class of individuals who reported high childhood HI and IN symptoms versus an unaffected class representing individuals who reported few problems in these domains as children (See Figure 2) . Bayesian information criterion (BIC; the lower, the better), entropy (the higher, the better), and the Lo-MendellRubin adjusted likelihood ratio test informed decisions regarding number of latent classes (Lo, Mendell, & Rubin, 2001 ). The average posterior probability of class membership (the closer to 1, the better) and interpretability of the classes were also considered. We tested three models aimed at evaluating (1) the independent effects of ADHD symptoms and smoking status at Wave I (ever regular vs. never regular) on illicit drug use (Model 1); (2) the interacting effects of ADHD symptoms and smoking status at Wave I on illicit drug use (Model 2), and the indirect effect of smoking status at Wave I on the relationship between ADHD symptoms and illicit drug use (Model 3). Each model included the covariates of child age, race, gender, parental education, and conduct disorder symptoms. All analyses used sample weights to correct for selection probabilities and to obtain accurate standard errors. After identifying the latent classes of ADHD symptoms, the first model (Model 1) evaluated the survival risk of illicit drug use (from Waves II-IV) regressed on classes of ADHD symptoms, and smoking status at Wave I via discrete-time survival analysis in Mplus 7.4 (Muthén & Muthén, 1998 -2005 . Discrete-time survival analysis identifies the hazard probability of a nonrepeatable event (in this case, the initial use of illicit drugs) from Wave II to Wave IV.
Unlike Cox regression, discrete-time survival analysis treats time as discrete units or chunks rather than as a continuous variable, which is appropriate for panel survey data. In addition, discrete-time survival analysis is an optimal analytical approach for evaluating the developmental nature of substance use in adolescence because it does not assume that the shape of the survival function over time is the same for all cases. Next, in Model 2, we tested the interaction effect of ADHD symptoms and smoking status at Wave I as related to the survival hazard of illicit drug use. Finally, in a statistical mediation model (Model 3), we used the MODEL INDIRECT command in Mplus to assess whether the effect of classes of ADHD symptoms on survival risk of illicit drug use is statistically mediated (or partially statistically mediated) by smoking status at Wave I. We also calculated the proportion statistically mediated by the smoking variable (i.e., the indirect effect/the total effect*100). In addition, using logistic regression, we evaluated whether the influences of ADHD symptoms and smoking status at Wave I have a similar effect on illicit drug dependence observed in adulthood (Wave IV). For handling missing data among ever-use illicit drug across waves, full information maximum likelihood (FIML) was conducted via Mplus. Conventionally, FIML is favored over listwise or pairwise deletion because it provides more robust and efficient estimations. The rationales can be found in Enders and Bandalos (2001) .
Results
At Wave I, participants were on average 15.5 (SE ¼ 0.11) years of age and 19.8% categorized as ever-regular smokers. Around 50.0% of the participants were female and 65.9% White. Approximately one quarter (23.4%) of the sample had parents who had earned a college degree. Additional details on the sample characteristics are presented in Table I. Table  II shows the bivariate association between studied predictors and illicit drug use at Waves II-IV and drug dependence at Wave IV.
Childhood ADHD Symptom Classes
The results from latent class analysis for childhood ADHD symptoms suggested that a two-class model fit best (BIC ¼ 117,535; entropy ¼0.88; Lo-MendellRubin adjusted likelihood ratio test ¼ 18,764.89, p < .001), when compared with a three-class model (BIC ¼ 100,599.39; entropy ¼ 0.83; Lo-Mendell-Rubin adjusted LRT test ¼ 2,542.13, p ¼ .166). The two-class average posterior probabilities for most likely class membership were 0.98 and 0.94, respectively. A twoclass model was selected for further analysis because of the higher entropy, a significant Lo-Mendell-Rubin adjusted LRT test, and good posterior probability of each assigned class. The two classes were labeled as "high ADHD symptom endorsement" (27.7%) and "low ADHD symptom endorsement" (72.3%).
Illicit Drug Use
Model 1 (Table III) shows the effects of childhood ADHD symptoms (low vs. high symptom endorsement) and smoking status at Wave I (ever regular vs. never regular) on risk of illicit drug use, controlling for conduct problems and demographic variables. The results indicated that both ever-regular smoking at Wave 1 (OR ¼ 2.40, p < .001; Cohen's d ¼ 0.48) and childhood Note. Childs age, gender, race/ethnicity, parental education, smoking, and conduct problems variables were from Wave I; ADHD symptoms were obtained from Wave III; at Wave II, the category of "ever used illegal drugs" included crystal meth as an example; at both Waves III and IV, "ever used illegal drugs" included inhalants as an example.
a Sample size varies slightly depending on missing data for some variables. In addition to the main effects of childhood ADHD symptom class and smoking status at Wave I on illicit drug use, Model 3 (Table III) shows that the path Note. Model 1 represents the risk of both ADHD symptom class and smoking status at Wave I controlling for the listed covariates. Model 2 represents the interaction between ADHD symptom class and smoking status at Wave I controlling for the listed covariates. Model 3 further added the path from ADHD symptom class to smoking status at Wave I to test whether ever-regular smoking serves as a mediator between ADHD class and illicit drug use. from childhood ADHD symptom class to smoking status at Wave I was also significant (OR ¼ 1.90, p < .001; Cohen's d ¼ 0.35). This suggests that the association between ADHD symptom class on the risk of illicit drug was partially statistically mediated by smoking status at Wave I. Follow-up indirect effect test via Mplus through "IND" command confirmed that there was a significant indirect effect from childhood ADHD symptom class to risk of illicit drug use through smoking status at Wave I (Est ¼ 0.11, SE ¼ 0.03, p < .001) in addition to a significant direct effect (Est ¼ 0.27, SE ¼ 0.08, p < .001). The total effect was also significant (Est ¼ 0.38, SE ¼ 0.08, p < .001). The proportion of the total effect statistically mediated by ever-regular smoking at Wave I was 29.5%.
ADHD symptom class (OR
Illicit Drug Dependence
Model 1 (Table IV) presents the effect of childhood ADHD symptom class and smoking status at Wave I (ever regular vs. never regular) on emerging illicit drug dependence symptoms in adulthood (Wave IV). Similar results were observed as those for risk of illicit drug use. Both childhood ADHD symptom class (OR ¼ 1.32, p ¼ .001; Cohen's d ¼ 0.15) and smoking status (OR ¼ 2.40, p < .001; Cohen's d ¼ 0.48) were significantly and independently related to illicit drug dependence during adulthood. However, there was no significant interaction effect of these two predictors on drug dependence (Model 2 in Table IV ). The paths from childhood ADHD symptom class to smoking status at Wave I and from smoking status to illicit drug dependence were significant. A follow-up test for statistical mediation was conducted. Results showed that there was a significant indirect effect from childhood ADHD symptom class to illicit drug dependence via smoking status at Wave I (Est. ¼ 0.03, SE ¼ 0.01, p ¼ .05) in addition to a marginally significant direct effect (Est. ¼ 0.09, SE ¼ 0.01, p ¼ .075). The total effect was also significant (Est. ¼ 0.12, SE ¼ 0.05, p ¼ .026). The proportion of the total effect statistically mediated by smoking status at Wave I was 23.8%.
Discussion
In this study, we aimed to determine the ways in which childhood ADHD symptoms and smoking status in adolescence are related to subsequent illicit drug by explicitly testing main effects as well as moderating and indirect effects of smoking status. High levels of ADHD symptom endorsement and adolescent cigarette use are two prevalent and established risk factors for subsequent illicit drug use (Molina & Pelham, 2014; Palmer et al., 2009; Sundquist et al., 2015) . The findings of this study suggest that ADHD symptoms may predict a greater likelihood of illicit drug use by increasing the risk of early cigarette smoking. The findings here elucidate the relationships among childhood ADHD symptoms, smoking status during adolescence, and subsequent illicit drug use. The use of Note. Model 1 represents the risk of both ADHD symptom class and smoking status at Wave I controlling for the listed covariates. Model 2 represents the interaction between ADHD symptom class and smoking status at Wave I controlling for the listed covariates. Model 3 further added the path from ADHD symptom class to smoking status to test whether ever-regular smoking serves as a mediator between ADHD symptom class and illicit drug dependence.
longitudinal panel data and discrete-time survival analysis further strengthens the findings by imposing temporal ordering on some of the studied variables.
As was shown by Biederman et al. (2006) , youth with ADHD symptoms who also smoked cigarettes were more likely to use illicit drugs at later time points compared with ADHD youth who did not smoke. In other words, cigarette smoking moderated the association between ADHD symptoms and illicit drug use. In contrast to Biederman et al. (2006) , the present study did not find evidence of a statistical interaction effect between ADHD symptoms and smoking status on subsequent drug use. Rather, the effect found here supported the potential mediating effect of smoking and helping to identify a possible explanation for why this particular relationship might occur (Baron & Kenny, 1986) . In the present study, nearly a third of the total effect of ADHD symptoms on future illicit drug use was statistically mediated by smoking status at Wave I. Our findings provide support for the mediation hypothesis and suggest that preventing or reducing adolescent smoking especially among individuals with childhood ADHD symptoms (or children who demonstrate general liabilities such as poor impulse control and attention problems) could decrease the future incidence of illicit drug use and dependence. The fact that we observed these associations in a large, population-based cohort further supports the potential generalizability of these findings.
The etiology of substance use and addiction is multifaceted. Although there is a growing literature focused on the gateway sequence to substance use (Kandel & Kandel, 2015; Kandel, Yamaguchi & Klein, 2006) , others suggest a general liability reflected by poor selfregulation, which increases the risk for substance use during late adolescence or early adulthood (Masse & Tremblay, 1997; Moffitt et al., 2011; Tarter, Kirisci, Reynolds, & Mezzich, 2004) . While the gateway sequence focuses on the developmental progression of substance use, the common liability model suggests that a general liability increases the risk of progressing to using another drug (Vanyukov et al., 2012) . Our findings seem to be in line with both frameworks. On one hand, our model demonstrated a significant link between an earlier "light" substance use (early history of cigarette smoking) and a later usage of "hard" drug (illicit drug use), regardless of ADHD symptoms. On the other hand, our data show that both smoking during early adolescence and illicit drug use during adulthood were predicted by a generalized liability manifested as ADHD symptoms. Replication in other prospective cohorts would help further strengthen support the associations observed here.
A limitation of the current study was the use of retrospective self-report of ADHD symptoms. Research has shown that using adult retrospective data to derive population-based estimates of ADHD prevalence may lead to an overestimate of the point prevalence (Mannuzza, Klein, Klein, Bessler, & Shrout, 2002) . Thus, prospective collection of data over the life course would be preferred in future studies. Another limitation of the study was that data regarding ADHD medication taken during childhood was not available. Therefore, we were unable to control for the medication use could have had on the associations between ADHD symptoms and later drug use. Another methodological caveat that should be considered in the interpretation of the results is that we excluded individuals who reported illicit drugs at Wave I (n ¼1,056). This was done intentionally, by design, to ensure temporal ordering of the variables. In so doing, however, the results represent the effect of smoking during early adolescence on subsequent, but not concurrent, illicit drug use. Further, we are not able to make claims about factors that may be associated with the small numbers of adolescents who began illicit drug use early during adolescence -meaning future research is needed to examine predictors among this high-risk group. Finally, the inconsistent assessment of marijuana use across the waves did not permit us to include marijuana as an illicit drug in this study. However, given that marijuana is one of the commonly used substances among U.S. adolescents (See Dubowitz, Thompson, Arria, English, Metzger, & Kotch, 2016; Johnston et al. 2016 ), future research is needed to evaluate it as a predictor, and as an outcome among youth with and without ADHD symptoms.
Despite utilizing longitudinal modeling, causation cannot be determined. Thus, it is important to be cognizant that observational methods for testing statistical mediation here can help generate hypotheses about how risk factors might relate to one another, but establishing a mediation role of certain variables would only be possible using experimental methods. In addition, the effect size of some paths observed in this analysis would be considered small. For instance, Ferguson (2009) suggests odds ratios that are <2 represent small effects. However, this study does contribute to the literature, in that its findings support the hypothesis that early cigarette use might mediate the relationship between childhood ADHD symptoms and future illicit drug use. More research is needed to better understand why children with ADHD symptoms may be more prone to experiment with and maintain cigarette use during early adolescence. The findings of this study can be useful in the development of meaningful public health and prevention (or intervention) efforts. For example, reducing cigarette use during early adolescence could result in lowering future illicit drug use and dependence, especially among individuals with a high liability for substance use-such as children with ADHD symptoms. Illicit drug use prevention research should capitalize on this sensitive period of development (i.e., early adolescence) by focusing on cigarette use cessation and prevention in this population.
Implications and Contributions
Smoking during adolescence may play a role in explaining why some children with ADHD symptoms progress to other drugs. Reducing adolescent smoking is a prudent public health strategy. However, it is possible that a reduction in smoking among adolescents with ADHD symptoms could lead to a decrease in the incidence of drug use in this high-risk population.
